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(Keller and Segel [5])
(1.1) $\frac{\partial a}{\partial t}=\nabla\cdot(D_{1}\nabla a-\chi a\nabla\phi(b))$
$(x\in\Omega, t>0)$
(12) $\frac{\partial b}{\partial t}=D_{2}\Delta b+g(a, b)$ ,
(1.3) $\frac{\partial a}{\partial n}=\frac{\partial b}{\partial n}=0$ $(x\in\partial\Omega, t>0)$ ,
(14) $a(x, O)=a_{0}(x)$ , $b(x, O)=b_{0}(x)$ $(x\in\Omega)$ .
$D_{1},$ $D_{2)}\chi$ $\Omega$ $R^{N}$ , $\partial\Omega$ $a(x, t)$
$x$ $t$ $b(x, t)$ (1.1)
$-\nabla\cdot(\chi a\nabla\phi(b))$ $\phi(b)$




Lin, Ni and Takagi [6] Schaaf $\phi(b)=\log b$
Mountain Pass Lemma $g(a, b)$
$g(a, b)=-\gamma b+ka(\gamma, k>0)$
$N=1,2$ $\chi>D_{1}$ $N\geq 3$ $1<\chi/D_{1}<(N+2)/(N-2)$
$D_{2}/\gamma$
Ni and Takagi [8] (Mountain Pass Lemma
)
$D_{2}/\gamma$ $P$
$D_{2}/\gammaarrow 0$ $\Omega$ $0$
$N\geq 3$ $\chi/D_{1}=(N+2)/(N-2)$ Adimurthi and Yadava [1], Budd, Knaap
and Peletier [3] $\Omega$
, Pan, Ni and Takagi [9] $\chi/D_{1}<(N+2)/(N-2)$
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(1.1) $-(1.4)$ $\phi(b)=b$ , $g(a, b)=$
$-\gamma b+ka$ Nanjundiah [7], Childress and Percus [4]
(1.1) $\frac{\partial a}{\partial t}=\nabla\cdot(\nabla a-a\nabla b)$
$(x\in\Omega, t>0)$








$T$ $tarrow T$ , $a(\cdot, t)$
$\Omega$ , $c=4$
(iii) $N\geq 3$ $\int_{\Omega}a_{0}(x)dx$ , $a(\cdot, t)$
$(1.2)’$ $\epsilonarrow 0$
(15) $\frac{\partial a}{\partial t}=\nabla\cdot(\nabla a-a\nabla b)$
$(x\in\Omega, t>0)$
(16) $0=\Delta b-\gamma b+a$
(17) $\frac{\partial a}{\partial n}=\frac{\partial b}{\partial n}=0$ $(x\in\partial\Omega, t>0)$
(1.8) $a(x, 0)=a_{0}(x)$ $(x\in\Omega)$ .
$\Omega$ $a_{0}(x)$ (A1), (A2)
(A1) $\Omega=\{x\in R^{N};|x|<L\}$ .
(A2) $a_{0}$ $\overline{\Omega}$ $N\geq 2$ $a_{0}(x)=a_{0}(|x|)$ ( )
2.
(A1), (A2) (15) $-(18)$ $(a(x, t),$ $b(x, t))$
$x$ $(a(x, t),$ $b(x,t))$ maximal existence time $T_{\max}$ $\circ$
$a(\cdot,t),$ $b(\cdot, t)\in L^{\infty}(\Omega)$ $(0<t<T_{\max})$
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$T_{\max}<\infty$
$\lim_{tT_{n\cdot z}}(||a(\cdot, t)||_{L}\infty+||b(\cdot, t)||_{L^{\infty}})=\infty$
.
$\int_{\Omega}a(x,t)dx^{-}=\int_{\Omega}a_{0}(x)dx$ , $\int_{\Omega}b(x,t)dx=\frac{1}{\gamma}\int_{\Omega}a_{0}(x)dx$ $(0<t<T_{\max})$
$\theta$ $M_{k}(t)(k=0,1,2, \cdots)$
$\theta=\frac{1}{\omega_{N}}\int_{\Omega}a_{0}(x)dx$ , $M_{k}(t)= \frac{1}{\omega_{N}}\int_{\Omega}a(x,t)|x|^{k}dx$
$\omega_{N}$ $N-1$ $E_{\theta}(s)(s\geq 0)$
(2.1) $E_{\theta}(s)_{-}=2N(N-1) \theta^{2\int N}s^{(N-2)/N}-\frac{N}{2}\theta^{2}+NL^{-N}\theta s+C_{\alpha}\theta^{(2N-2+\alpha)/N}s^{(2-a)l^{N}}$
$N=2$ $0<\alpha<2$ $C$ $= \frac{\gamma L^{\alpha}}{\alpha e}$ ,
(2.2)
$N\geq 3$ $\alpha=0$ $C_{\alpha}= \frac{\gamma N}{2(N-2)}$ .
1( ) $N\geq 2$ , $E_{\theta}(M_{N}(0))<0$ $T_{\max}<\infty$
$tarrow T_{\max}$
(i) $||a(\cdot,t)||_{L^{\infty}}arrow\infty$ , $||b(\cdot,t)||\iota\inftyarrow\infty$,
(ii) $a( \cdot,t)arrow\int_{\Omega}a_{0}(x)dx\delta$ , $b( \cdot,t)arrow\int_{\Omega}a_{0}(x)dxN(\cdot, 0)$ in $D’(\Omega)$
$\delta$ Dirac \delta - $N(x, y)$ $\gamma u-\Delta u=$
$f$ in $\Omega$ , $\partial u/\partial n=0$ on $\partial\Omega$ $\mathcal{D}’(\Omega)$ $\Omega$
$N=2$ $\theta>4$ $E_{\theta}(0)=\theta(4-\theta)<0$ $N\geq 3$ $E_{\theta}(0)=-N\theta^{2}/2<0$
1
$N\geq 2$ , $N=2$ $\theta>4$ $M_{N}(0)$
1






$\frac{d}{dt}M_{N}(t)\leq 2N(N-1)\theta^{2\int N}\{M_{N}(t)\}^{(N-2)/N}-\frac{N}{2}\theta^{2}+R(t)$ $(0<t<T_{\max})$ .
,
(3.1) $R(t)= \gamma N\int_{0}^{L}a(r,t)B(r,t)r^{N-1}dr$ .
(1.5) $|x|^{N}$ $\Omega$ Green
$\frac{d}{dt}\int_{\Omega}a|x|^{N}dx$
(3.2)
$=2N(N-1) \int_{\Omega}a|x|^{N-2}$dx–N $\int_{\partial\Omega}a|x|^{N-2}(x\cdot\tilde{n})d\sigma+N\int_{\Omega}a(\nabla b\cdot x)|x|^{N-2}dx$ .
$\tilde{n}$ $\partial\Omega$ . $R^{N}$ H\"older
(3.3) $\int_{\Omega}a|x|^{N-2}dx\leq\omega_{N}\{M_{0}(t)\}^{2l^{N}}\{M_{N}(t)\}^{(N-2)l^{N}}=\omega_{N}\theta^{2l^{N}}\{M_{N}(t)\}^{(N-2)l^{N}}$
$A(r,t)$ $B(r, t)$
$A(r,t)= \int_{0}^{r}a(\rho,t)\rho^{N-1}d\rho$ , $B(r,t)= \int_{0}^{f}b(\rho,t)\rho^{N-1}d\rho$
$A(L, t)=\theta,$ $B(L,t)=\theta/\gamma$ $\nabla b\cdot x=r\partial b/\partial r$
$0=r^{N-1} \frac{\partial b}{\partial r}-\gamma B+A$
(3.4) $\int_{\Omega}a(\nabla b\cdot x)|x|^{N-2}dx=-\omega_{N}\int_{0}^{L}aAr^{N-1}dr+\gamma\omega_{N}\int_{0}^{L}aBr^{N-1}dr$
$ar^{N-1}=\partial A/\partial r$ $A(L,t)=\theta$
$\int_{0}^{L}aAr^{N-1}dr=\frac{1}{2}\theta^{2}$
(3.4)





$R(t)\leq NL^{-N}\theta M_{N}(t)+C_{\alpha}\theta^{(2N-2+\alpha)lN}\{M_{N}(t)\}^{(2-\alpha)lN}$ $(0<t<T_{\max})$ .
$\alpha$ $C_{\alpha}$ (2.2)
$B(r,t)$
(36) $B(r,t) \leq\frac{\theta}{\gamma}(\frac{r}{L})^{N}+w(r)$ $(0<r<L)$
$w(r)$
$w(r)=- \frac{\theta}{2}r^{2}\log\frac{r}{L}$ if $N=2$,




$\frac{\partial^{2}\Phi}{\partial r^{2}}-\frac{N-1\partial\Phi}{r\partial r}-\gamma\Phi=-A+\theta(\frac{r}{L})^{N}>-\theta$ $(0<r<L)$ ,
$\Phi(0,t)=\Phi(L,t)=0$
$w(r)$
$\frac{d^{2}w}{dr^{2}}-\frac{N-1}{r}\frac{dw}{dr}-\gamma w=-\theta-\gamma w<-\theta$ $(0<r<L)$ ,
$w(+0)=w(L)=0$, $w(r)>0$ $(0<r<L)$
$\Phi(r, t)\leq w(r)$ $(0<r<L)$ (3.6)
$w(r)$
$w(r) \leq\frac{\theta L^{\alpha}}{2\alpha e}r^{2-\alpha}$ if $N=2$ and $0<\alpha<2$ ,
$w(r) \leq\frac{\theta}{2(N-2)}r^{2}$ if $N\geq 3$
(3.6)
$R(t)\leq NL^{-N}\theta M_{N}(t)+C_{\alpha}\theta M_{2-\alpha}(t)$





$\frac{d}{dt}M_{N}(t)\leq E_{\theta}(M_{N}(f))$ (O<t< )
(2.1)
1 $E_{\theta}(M_{N}(O))<0$ $E_{\theta}(s)$ $s$ , 3
$T_{\max}<\infty$ , $M_{N}(t)>0(0\leq t<T_{\max})$ , $M_{N}(t)arrow 0$ $(tarrow T_{\max})$
$M_{1}(t)>0(0\leq t<T_{\max})$ $M_{1}(t)\leq\theta^{(N-1)lN}\{M_{N}(t)\}^{1\int N}$
(3.7) $M_{1}(t)arrow 0$ $(tarrow T_{\max})$
$\phi\in C_{0}^{\infty}(\Omega)$ $\phi(x)$
$\phi(x)=\phi(0)+\sum_{=1}^{N}x:\psi_{i}(x)$ $(x\in\Omega)$




(3.8) $a( \cdot,t)arrow\int_{\Omega}a_{0}(x)dx\delta$ in $\mathcal{D}’(\Omega)$ $(tarrow T_{\max})$ .
$t>0$ , $b(\cdot,t)$ Neumann (1.6) (3.8)
(3.9) $b( \cdot,t)arrow\int_{\Omega}a_{0}(y)dyN(\cdot, 0)$ in $D’(\Omega)$ $(tarrow T_{\max})$
$N(x, y)$ $\gamma u-\Delta u=f$ in $\Omega,$ $\partial u/\partial n=0$ on $\partial\Omega$




$(a(x,t),$ $b(x,t))$ Alikakos [2]
$C$ $T_{\max}$
4 $||\nabla b(\cdot, t)||_{L}\infty\leq C$ $(0<t<T_{\max})$
$||a( \cdot,t)||_{L}\infty\leq C\max$ { $1$ , el $a_{0}||_{L^{1}}$ , il $a_{0}||_{L^{\infty}}$ } $(0<t<T_{\max})$ .
2
(4.1) $||b(\cdot,t)||_{L^{\infty}}\leq C$, $||\nabla b(\cdot,t)||_{L}\infty\leq C$ $(0<t<T_{\max})$
4 $T_{\max}=\infty$
$N=1$ (4.1) (1.6) $(-L, x)$
(4.2) $|b_{x}(x,t)| \leq\int_{\Omega}a_{0}(x)dx$ $(x\in\Omega, 0<t<T_{\max})$




$N=2$ $\theta<4$ (4.1) $u(\sigma,t)$ $v(\sigma, t)$
$\sigma=r^{2},$ $u( \sigma, t)=\int_{0}^{r}a(\rho,t)\rho d\rho,$ $v( \sigma,t)=\int_{0}^{r}b(\rho, t)\rho d\rho$
$u$ $v$
$\frac{\partial u}{\partial t}=4\sigma\frac{\partial^{2}u}{\partial\sigma^{2}}+2(u-\gamma v)\frac{\partial u}{\partial\sigma}$,
$(0<\sigma<L^{2}, 0<t<T_{\max})$
$0=4 \sigma\frac{\partial^{2}v}{\partial\sigma^{2}}-\gamma v+u$
$u(O,t)=v(O, t)=0$, $u(L^{2},t)=\theta$ , $v(L^{2},t)= \frac{\theta}{\gamma}$ .
$w(\sigma)$ $w(\sigma)=4k\sigma/(1+k\sigma)$ $u(L^{2},0)=\theta<4$ $k$
$\theta<w(L^{2})$ , $u(\sigma, 0)\leq w(\sigma)$ $(0\leq\sigma\leq L^{2})$
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$w(\sigma)$
$4 \sigma\frac{d^{2}w}{d\sigma^{2}}+2(w-\gamma v)\frac{dw}{d\sigma}\leq 0$ $(0<\sigma<L^{2})$ ,
$w(0)=0$ , $w(L^{2})>\theta$
$u(\sigma,t)\leq w(\sigma)(0\leq\sigma\leq L^{2},0\leq t<T_{\max})$
(4.3) $0 \leq\frac{u(\sigma,t)}{\sigma}\leq\frac{w(\sigma)}{\sigma}\leq 4k$ $(0<\sigma\leq L^{2})$
$z(\sigma)$ $z(\sigma)=l\sigma$ $\ell$
$z(L^{2})= \ell L^{2}>\frac{\theta}{\gamma’}$ $\ell\gamma\geq 4k$
$k$ (4.3). $z(\sigma)$
$4 \sigma\frac{d^{2_{Z}}}{d\sigma^{2}}-\gamma z+u\leq 0$ $(0<\sigma<L^{2})$ ,
$z(0)=0$, $z(L^{2})>v(L^{2},t)$
$v(\sigma,t)\leq z(\sigma)$ $(0\leq\sigma\leq L^{2})$
(4.4) $0\leq\frac{v(\sigma,t)}{\sigma}\leq\ell$ $(0<\sigma<L^{2})$
$4 \frac{\partial}{\partial\sigma}(\sigma\frac{\partial v}{\partial\sigma})=4\frac{\partial v}{\partial\sigma}+\gamma v-u$
(4.4) $v(\sigma, t)\leq v(L^{2},t)=\theta/\gamma$
$b(r,t)=2 \frac{\partial v}{\partial\sigma}(\sigma,t)\leq 2\frac{v(\sigma,t)}{\sigma}+\frac{\gamma}{2\sigma}\int_{0}^{\sigma}v(\xi,t)d\xi\leq\frac{1}{2}(4\ell+\theta)$
$r \frac{\partial b}{\partial r}(r, t)=\gamma v(\sigma,t)-u(\sigma, t)$
(4.3) (4.4)
$| \nabla b(x, t)|=|\frac{\partial b}{\partial r}(r,t)|=\sqrt{\sigma}|\frac{\gamma v(\sigma,t)-u(\sigma,t)}{\sigma}|\leq L(\ell\gamma+4k)$ $(x\in\Omega, 0<t<T_{\max})$
, (4.1)
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